Regulation of transforming growth factor-beta signaling and PDK1 kinase activity by physical interaction between PDK1 and serine-threonine kinase receptor-associated protein.
To gain more insights about the biological roles of PDK1, we have used the yeast two-hybrid system and in vivo binding assay to identify interacting molecules that associate with PDK1. As a result, serine-threonine kinase receptor-associated protein (STRAP), a transforming growth factor-beta (TGF-beta) receptor-interacting protein, was identified as an interacting partner of PDK1. STRAP was found to form in vivo complexes with PDK1 in intact cells. Mapping analysis revealed that this binding was only mediated by the catalytic domain of PDK1 and not by the pleckstrin homology domain. Insulin enhanced a physical association between PDK1 and STRAP in intact cells, but this insulin-induced association was prevented by wortmannin, a phosphatidylinositol 3-kinase inhibitor. In addition, the association between PDK1 and STRAP was decreased by TGF-beta treatment. Analysis of the activities of the interacting proteins showed that PDK1 kinase activity was significantly increased by coexpression of STRAP, probably through the inhibition of the binding of 14-3-3, a negative regulator, to PDK1. Consistently, knockdown of the endogenous STRAP by the transfection of the small interfering RNA resulted in the decrease of PDK1 kinase activity. PDK1 also exhibited an inhibition of TGF-beta signaling with STRAP by contributing to the stable association between TGF-beta receptor and Smad7. Moreover, confocal microscopic study and immunostaining results demonstrated that PDK1 prevented the nuclear translocation of Smad3 in response to TGF-beta. Knockdown of endogenous PDK1 with small interfering RNA has an opposite effect. Taken together, these results suggested that STRAP acts as an intermediate signaling molecule linking between the phosphatidylinositol 3-kinase/PDK1 and the TGF-beta signaling pathways.